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repeat containing 1 (XIRP1) were validated in the two affected calves, their parents and the 2 1 7 maternal half-sibling of case 2 using PCR amplicon and Sanger sequencing. Genomic DNA 2 1 8 was extracted using standard ethanol fraction. We designed primer pairs with Primer3 tool, 2 1 9 version 0.4.0 (www.bioinfo.ut.ee/primer3-0.4.0/), for PCR amplicon (Table S2 ). To visualize 2 2 0 predicted changes in the XIRP1 protein, protein sequences of the wild type protein 2 2 1 (ENSBTAP00000054446) and predicted mutant proteins were compared and aligned using 2 2 2 ClustalW2, version 2.1. Genetic interactions between XIRP1 and critical candidate genes for 2 2 3 the polydactylous phenotype were investigated using GeneMANIA (WARDE-FARLEY et al. For genotyping 359 unrelated animals with an unknown phenotype of the breeds Holstein (n=276), German Fleckvieh (n=12), German Brown (n=12), Charolais (n=12), Limousin (n=11), Blonde d'Aquitaine (n=12) and Salers (n=12), we designed a restriction 2 2 8 fragment length polymorphisms (RFLP) for each variant (Table S2 ). For the deletion 2 2 9 (g.12552582delA), we used the same primer pairs as for validation and for the duplication 2 3 0 (g.12552417dupC ) we created a mismatch primer.
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For WGS data validation of the ZRS and pZRS regions by Sanger sequencing, three 2 3 2 primer pairs were designed covering both regions (Table S3) WGS data of the two calves (case 1 and 2) and the dam of case 2 one were deposited with IDs SAMN10108008, SAMN10108011, SAMN10108012). The calves showed a unilateral polydactyly of the right forelimb ( Figure 1AB , 2AB).
4 2
The polydactylous forelimb of case 1 had an additional remarkable angulation to the medial 2 4 3 side. This calf had problems to stand for a longer period. In the beginning of standing, the calf it showed a severe lameness and was unable to put its full weight on the right front limb.
4 6
Therefore, it limped by making a short step and fell subsequently back to the non-affected left 2 4 7 limb. Case 2 had no problems to stand and walk and no significant lameness was detected.
4 8
The polydactylous claws had one additional digit in each calf, but the arrangement was 2 4 9 different among calves. The affected claws of case 1 were in an abnormal angled position. They were medially angled. The medial one had a straight direction and the claw surface fusion, all three claws formed a common enlarged sole without rotation. Case 2 showed also a 2 5 8 cleft palate which caused nasal reflux accompanied by cough after suckling milk. Further, on 2 5 9 the dorsal aspect of the carpal joint of case 1, a circular defect of the skin was notified. The lateral half of the distal epiphysis of the radius was shortened ( Figure 1CD ). The incomplete bony septum in-between was thickened compared to the contralateral thoracic Containing Protein 1 (LMBRD1) and SHH and LMBR1 were predicted using GeneMANIA. homozygous carriers of the two variants g.12552417dupC and g.12552582delA (Table S5) .
None of the two variants was detected in the 83 individuals of the other six cattle breeds. In this study, we identified two de-novo XIRP1 variants associated with polydactyly been suggested to a hereditary condition in polydactyly types I to VI (JOHNSON et al. 1982) . BÄHR et al. 2003; CARSTANJEN et al. 2010; SANGWAN et al. 2015) . We found Both calves had also in common that the right forelimb exhibited one additional digit. This may suggest a skeletal form of atavism, represented by additional bones found in earlier as it has also been found for an important fraction of de novo mutations in human (ACUNA-3 8 0 HIDALGO et al. 2015) . This leads to the assumption that a somatic mosaicism resulted in an 3 8 1 apparently unaffected dam but was transmitted into the calf triggering the development of 3 8 2 additional digits as it was described in patients by SICCA et al. (2003) and MINEYKO et al. cause for the recurrence risk of genomic disorders in human (CAMPBELL et al. 2014) .
Nevertheless, the sires of the affected calves were excluded as carriers for these variants in the able to identify nine individuals with unknown phenotype in the validation sample, harboring 3 9 0 the mutant XIRP1 haplotype. It leads to the suggestion that the present phenotypes were caused by a dominant mode of inheritance of the two variants with an incomplete penetrance 1 7 (CREDILLE et al. 2005) . Nevertheless, due to the haplotype-compared heterozygous genotype 3 9 8
in the affected calves, we propose that the resulting protein is not shortened but modified for 3 9 9 54 amino acids, because the second more distal variant brings the reading frame back into the 4 0 0 original frame and possibly prevents the modified XIRP1 mRNA from decay.
0 1
The gene XIRP1 is important for embryonic development of skeletal muscles and heart 4 0 2 (GROSSKURTH et al. 2008; FENG et al. 2013) . Studies of bovine granulosa cells suggested a In addition, interactions between XIRP1, CTNNB1 and CTNND1 have previously been identified (WANG et al. 2010; WANG et al. 2013) . CTNNB1 and CTNND1 affect cadherin 4 1 4 function and regulation in cell-to-cell adhesion, motility, and proliferation processes, which is We are grateful to K. Liebig and H. Lönneker for animal care. For providing sperm samples 4 5 0 from the sire bulls, our thank goes to Alta Deutschland GmbH, Uelzen, Germany, and Semex 4 5 1 Deutschland GmbH, Verden, Germany. The authors declare that they have no competing interests. Monatsschrift 94: 287. annotating and predicting the effects of single nucleotide polymorphisms, SnpEff:
SNPs in the genome of Drosophila melanogaster strain w1118; iso-2; iso-3. Fly 6: 80-Krugljak, T., 2014 Genealogical kinship Holstein bulls in the bloodlines. hedgehog expression in the chicken limb mutants oligozeugodactyly and silkie breed.
